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(54) Title: COVERED MICROCHANNELS AND THE MICROFABRICATION THEREOF 



(57) Abstract 

The present invention is a covered microchannel 
comprising: a) a substrate; b) an etched material 
adhered to the substrate; and c) a silicon-caibon material 
adhered to the etched material in such a manner to 
form a covered microchannel; wherein the silicon- 
carbon material comprises SiOi.8-2,4 C0.3-1.0 and Ho.?. 
4.0 containing at least one of Ae following functional 
groups: -Si-O-Si-, -Si-CH2% -Si-H. or ^i-OH. The 
covered microchannel can be prepared by the steps of: 
a) coating a filler material onto a substrate having a 
groove, wherein the filler material covering the substrate 
fills the groove; b) removing filler material from the 
substrate but not from the groove; c) coating tiic 
substrate and the filler with an adhering, formable, 
capping material; and d) removing the filler from 
tfw groove. An etehed laminate can also be used 
to prepare the covered microchaimel. The present 
invention provides a covered microchannel that can be 
prepared under milder conditions than tfiosc previously 
contemplated, thereby allowing greater flexibiUty m 
the choice of material <rf the substrate. The covered 
microchannel can be used, for example, in micro- 
liquid or nucro-gas chromatographic or electrophone 
applications. 
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COVERED MICROCHANNELS AND THE MICROFABRICATION THEREOF 

This invention relates to covered microchannels, which are useful in 
chromatographic and electrophoretic applications. 

Miniaturization of separation devices such as liquid or gas chromatographs is 
5 desirable because of reduced loadings and solvent consumption. Theoretically, open 
tubular chromatography can provide an order of magnitude efficiency improvement 
over conventional packed column chromatography, particularly for a column having 
an inner diameter around the order of 10 microns. According to Manz et al., in 
Journal of Chromatography, Vol. 593. p. 253 (1992). "td]eviations from theoretical 
10 predictions have usually been caused by inhomogeneity in column packings or 

capillary diameters, inappropriate injections or large detection volumes." Accordingly. 
Manz et al. developed a technique for the manufacture of silicon-etched 
microchannel systems using the steps of film deposition, photolithography, etching, 
and bonding applied to a polished silicon wafer. The microchannel is capped 
15 (covered) by the bonding step, which generally requires temperatures on the order of 
400*^0 and voltages on the order of 500 V. Inasmuch as this requirement restricts the 
kind of substrate that can be used to prepare the covered microchannel, it would be 
desirable to provide a way to cap the etched substrate using milder conditions. 

The present invention is a method of preparing a covered microchannel 
20 comprising the steps of: a) coating a filler material onto a laminate which comprises 
a substrate having adhered thereto an etchable material having a groove, so that the 
filler material covers the etchable material and fills the groove; b) removing filler 
material from the etchable material but not from the groove; c) coating the etchable 
material and the filler material remaining in the groove with an adhering, formable. 
25 capping material; and d) removing the filler from the groove. 

In another aspect, the present invention is a method of preparing a covered 
microchannel comprising the steps of: a) coating a filler material onto a substrate 
having a groove, wherein the filler material covers the substrate and fills the groove; 
b) removing filler material from the substrate but not from the groove; c) coating the 
30 substrate and the filler with an adhering, formable, capping material; and d) removing 
the filter from the groove. 
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In another aspect, the present invention is a covered microchannel 
comprising: a) a substrate; b) an etched material adhered to the substrate; and c) a 
silicon-carbon material adhered to the etched material in such a manner to form a 
covered microchannel; the silicon-carbon material comprising SiO, 3.3^ C^ j., ^ and H^^,^^ 
5 containing at least one of the following functional groups: 

-Si-O-Si-, -Si-CH,-, -Si-H, or -Si-OH. 

In another aspect, the present invention is a covered microchannel 
comprising: a) an etched substrate; and b) a silicon-cariDon material adhered to the 
etched substrate in such a manner to fomn a covered microchannel; the siiicon- 
10 carit>on material comprising SiO, ^.^ C^^.^ and H^^^j, containing at least one of the 
following functional groups: 

-Si-O-Si-. -Si-CH,-, -Si-H. or -Si-OH. 

The various aspects of the present invention address a need in the art by 
providing covered microchannels that can be prepared under conditions that are less 
15 stringent than those previously contemplated, thereby allowing greater flexibility in the 
choice of material of the substrate. The covered microchannel can be used, for 
example, in micro-liquid or micro-gas chromatographic or electrophoretic 
applications. 

Rgure 1 is a sideview illustration of the steps used to prepare a covered 
20 microchannel In a preferred method. 

Rgure 2 is a sideview illustration of a preferred series of steps used to 
prepare the uncovered microchannel from which a preferred covered microchannel of 
Rgure 2 can be prepared. 

A preferred method of preparing the covered microchannel of the present 
25 invention is illustrated in Rgure 1. In Step 1 0! the method, a laminate (that is, an 
uncovered microchannel), which is a substrate (10) having adhered thereto an 
etchable material having a groove (12), is coated with a photoactive material (14). 
which covers the etchable material (12) and fills the groove. In Step II. the 
photoactive material is patterned and developed so that all of the photoactive material 
30 is removed from the etchable material (12), except that which fills the groove. A lip 
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(14a). which may form above the surface of the etchable material (12) after 
development of the photoactive material, can be minimized by spin coating at higher 
speeds, or using a less viscous photoactive material, or a combination of both. In 
Step III, the laminate with the filled groove is coated with an adhering fonnable. 

5 capping material (16), which is preferably a silicon-carbon material that is applied 
using plasma-enhanced chemical vapor deposition (PECVD). In Step IV, the 
photoactive material (14. 14a) is removed by placing the now covered microchannel 
into a solvent for the photoactive material, such as acetone. The covered 
microchannel has a width and a height (depicted by the letters x and y. respectively, 

10 in the covered microchannel of Figure 1) that is application dependent. Preferably, 
the width and height of the covered microchannel are each independently less than 
500 microns. More preferably, the width and height are each independently less than 
100 microns, most preferably less than 50 microns. More preferably, the width and 
height are each independently not less than 1 micron, most preferably, not less than 

15 5 microns. 

The covered microchannel can be prepared from an uncovered microchannel, 
which can be prepared by any suitable method including those disclosed in the prior 
art, for example, Manz et al., supra. The covered microchannel can be prepared 
from an etched substrate, or from a laminate which comprises an etched material 

20 adhering to the substrate. Preparing a covered microchannel from the laminate is 
preferable, particularly when control of the depth of the groove (etch) is desirable. 
Such control of depth can be achieved by insertion of a metal etch stop in the 
laminating process as illustrated in the steps shown in Rgure 2. Referring now to 
Figure 2. in Step I, a substrate (30) is first coated with a first metal layer (32). The 

25 first metal layer (32) is coated with a photoactive material (34) in Step II. In Step III, 
the photoactive material (34) is patterned and developed so that all the photoactive 
material is removed except that portion which forms a pattern for the groove (34a). In 
Step IV, that portion of the first metal layer (32) that is not covered by the remaining 
photoactive material (34) is then removed, and in Step V, the remainder of the 

30 photoactive material (34a) is removed, leaving a substrate with a metal etch stop 
(32a) that f omis a pattern for the groove. 

In Step VI, a formable, etchable material (36) is deposited onto the substrate 
(30) and over the metal etch stop (32a), whereupon in Step Vli a second metal layer 

•3- 
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(38) is deposited onto the formable. etchable material (36). A second photoactive 
nnaterial (40) is then applied to the surface of the second metal layer (38) in Step VIII. 
In Step IX, the second photoactive material (40) is pattemed and developed in such a 
manner that the portion of the second photoactive material (40) which superposes 
5 and parallels the metal etch stop (32a) is removed, thereby exposing the portion of 
the second metal layer (38) that superposes and parallels the melaJ etch stop (32a). 

In Step X, the portion of the second metal layer (38) that is not covered by the 
remainder of the second photoactive material (40a) as a result of the patterning step 
is removed so that only the region of formable, etchable material (36> that parallels 

10 the metal etch stop (32a) Is not covered by the remainder of the second metal layer 
(38a). In Step XI the remainder of the second photoactive material (40a) is 
removed. In Step XII, the formable, etchable material (36) that is not covered by the 
remainder of the second metal layer (38a) is etched down to the metal etch stop 
(32a). In Step Xlll, the remainder of the second metal layer (38a) and the metal etch 

15 stop (32a) is removed to form an uncovered microchannel comprising the substrate 
(30) superposed by etched material (36a). 

The composition of the substrate is not limited by resistance to the harsh 
conditions generally required for the fabrication of covered microchannels, since the 
covered microchannel can be prepared under comparatively mild conditions, that is, 

20 temperatures typically not greater than 150*'C. The substrate can be organic, 

inorganic, or metallic. Examples of organic materials include resins such as epoxy 
resins: acrylic resins; unsaturated polyester resins; potyurethane resirts; 
polycari3onate resins such as those prepared from bisphenoi A or bishydroxyphenyl 
fluorene or combinations thereof; dtgiycol dialkyi carbonate resins, polyimide resins, 

25 metamine resins, phenolic resins, urea resins, and benzocyciobutene resins such as 
divinylsiloxane-bis-benzocydobutene. 

Examples of suitable inorganic materials for the substrate include silicon, 
silicon oxides, poiysilanes, and polysiloxanes. Suitable metals are those that are 
capable of being laminated by electroplating, vapor deposition or sputtering, 
30 Examples of suitable metals include copper, silver, gold, nickel, chromium, tin, lead, 
zinc, aluminum, and titanium. 
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A formable» etchable material is preferably deposited onto the substrate to 
form a laminate. This laminate can then be processed as described herein to form a 
covered microchannel. The formable, etchable material is etched (grooved) to a 
depth and width that is appropriate for the desired application. For a micro-liquid or 

5 micro-gas chromatographic, or an electrophoretic application, grooves on the order of 
less than 100 microns wide and less than 100 microns deep are typical. The 
formable, etchable material is a material that can be applied to the substrate by vapor 
deposition or spin coating and is capable of being etched, particularly by plasma 
etching. The formable. etchable material is preferably silicon, a silicon oxide, or a 

10 silicon-carbon material that can be applied to the substrate by piasma-enhanced 
chemical vapor deposition. More preferably, the formable. etchable material is a 
polymer of SiO, g.,, C^^^ ^ and H^j^^^ containing at least one of the following functional 
groups: 

Si-O-Si-. Si-CH,-, Si-H, or Si-OH. 

15 Examples of metals suitable for the preparation of the metal layers in the 

process of preparing the mtcrochannels include copper, silver, gold, nickel, 
chromium, tin, lead, zinc, aluminum, and titanium. Copper and aluminum are 
particularly prefenred. 

The filler material is any material that can fill the groove of the etched 
20 substrate, and that can subsequently be removed after the substrate is capped with 
an adhering, formable, capping material. Examples of suitable filler materials include 
waxes, metals such as those disclosed for use in the preparation of the etched 
substrate, and photoactive materials. When a wax or a metal is used as a filler 
material, the process for preparing the covered microchannel is somewhat different 
25 than that described for a photoactive filler material. 

When wax is used as a filler material, the wax is advantageously dissolved in 
a solvent and spun onto the etched substrate. The wax can then be polished off the 
substrate, leaving only the groove filled. The adhering, formable, capping material 
can then be applied, and the wax can be melted away, dissolved in a suitable 
30 solvent, or sublimed, leaving a covered microchannel. 
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Metal can be used as a filler material by electroplating from the metal etch 
stop which is exposed at Step XII of Figure 2. In a first step, a metat, which is 
preferably, but not necessarily, the same as the metal used to form the metal etch 
stop, can be electroplated from the metal etch stop to fill the groove. The metal that 
5 remains on top of the substrate after Step XII (referred to as 38a in Figure 2) can 
then be removed by a quick acid etch without substantially depleting metal from the 
filled groove. The adhering, formabte. capping material can then be applied, and the 
metal in the groove can be removed by reversing the plating potentials. 

The preferred filler material is a photoactive material, also known as 
10 photoresist. The photoresist may be positive resist or negative resist such as those 
known in the art. (See, for example. C. Grant Willson in Introduction to 
Microiithography, Second Edition, Chapter 3. L F. Thompson et aL, Eds.; American 
Chemical Society. Washington. D.C., pp. 139-267 (1994). 

An adhering, formable. capping material is a material that can be applied to 
15 the substrate in a preformed state, then formed into a solid state. Such materials 
include curable resins such as those described hereinabove; metals capable of being 
laminated by electroplating, vapor deposition or sputtering such as those described 
hereinabove; and silicon-carbon compounds deposited onto the substrate by plasma- 
enhanced chemical vapor deposition. 

20 The adhering, formabte. capping material preferably comprises a SiO.^j^ 

Cas-io 3nd Hp^^^j containing at least one of the following functional groups: 

-Si-O-Si-. -Si-CH,-. -Si-H. or -Si-OH. 

This preferred silicon-cariDon material is formable by ptasma-enhanced chemical 
vapor deposition of an organostiicone monomer gas in a plasma reaction zone and 

25 oxygen gas, as disclosed by Hu et at. in U.S. Patent Nos. 5.298,587 and 5,320.875. 
The organositicone monomer is advantageously plasma polymerized in the presence 
of excess oxygen using a power density within the range of 10^ J/Kg to 10" J/Kg in the 
presence of the substrate. Examples of organosilicone compounds include silanes, 
siloxanes. and silazanes. Examples of silanes include dimethoxydimethylsilane, 

30 methyltrimethoxysilane, tetramethoxysilane, methyltriethoxysilane. 

diethoxydimethylsilane, methyltriethoxysilane, triethoxyvinylsilane, tetraethoxysitane. 



-6- 



wo 97728490 



PCTAJS97/01794 



dimethoxy-methylphenylsilane. phenyltrimethoxysilane. 3-glycidoxypropyltrimelhoxy- 
silane. S-methacryloxypropyltrimethoxysilane, diethoxymethylphenylsilane, 
tris(2-methoxyethoxy)vlnylsilane. phenyltrlethoxysilane, and dimethoxydiphenyisilane. 
Examples of siloxanes Include tetramethyldisiloxane (TMDSO) and hexamethyldi- 
5 siloxane. Examples of silazanes include hexamethylsiiazane and tetramethyl- 
silazane. 

The preferred plasma-enhanced chemical vapor deposited silicon-carbon 
material exhibits excellent adhesion to a variety of substrates including silicon, silicon 
dioxide, metals, and polymers. 

10 The following example is for Illustrative purposes only and is not intended to 

limit the scope of this invention. The Roman numerals are used for convenience and 
refer to the steps of Rgure 2. 

Example > Preparation of a Covered MicroChannel 

A 4 inch (10 cm) diameter, 1/16 inch (0.16 cm) thick transparent silicon-oxide 
15 disc (manufactured by ESCO Products) was prepared for metallizing by cleaning in 
an oxygen plasma for 30 minutes. The wafer was then rinsed in water and dried in a 
spinner. A 2000-A layer of aluminum was sputtered onto the cleaned disc (Step I). 
Four microns of photoresist (Shipley, SI 400-37) were then spin coated onto the 
metal by applying a photoresist puddle over the wafer and spinning the wafer at 
20 500 rpm for 30 seconds, followed by spinning at 2700 rpm for 30 seconds (Step II). 
The edge bead that formed was removed by acetone in the last 10 seconds of 
spinning. The solvent was driven off by a soft bake at 100*^0. 

The photoresist was masked and developed, and then removed from all areas 
except those corresponding with the intended column regions and alignment marics 
25 (Step III). The aluminum layer was removed in the exposed areas by a phosphoric 
acid etching bath (Step IV). The remainder of the photoresist was then removed by 
acetone and methanol rinses of the disc while it was being spun on the spin coater 
(Step V). The result was a 2000-A thick. 10-micron wide metal etch stop layer that 
covered the substrate in the column regions. 

30 Approximately 10 microns of silicon-carbon material was deposited on the 

substrate and over the metal etch stop by PECVD using flow rates of 30 seem of 

-7- 
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oxygen and 5 seem of tetramethyldisiloxane. and a coating power of 150 Watts (Step 
VI). The silicon-carbon material layer composition was approximately SiO, ^.j, C,^,^ 
and H^,.,o- A 2000-A layer of aluminum was sputtered onto the coated disc 
(Step VII). Photoresist was applied as before (Step VIII), except that the 
5 development and subsequent removal of photoresist corresponded to the region of 
metal that superposed and paralleled the metal etch stop (Step IX). The exposed 
metal was removed by phosphoric acid etching (Step X) and the remainder of the 
photoresist was then removed to produce an exposed area of the silicon-carbon 
material that superposed and paralleled the metal etch stop (Step XI). 

10 The exposed silicon-carbon material was plasma etched down to the metal 

etch stop using oxygen and CF, (Step XII). The remainder of the metal was removed 
by rinsing in a phosphoric add bath for several hours, leaving a wafer with a pattern 
of grooves that were 10 microns wide and 10 microns deep. 

Photoresist was spin coated over the grooved wafer using a 1 500 rpm spin 
15 vetocity. The photoresist was masked and developed, and all of the photoresist 
except that which filled the grooves was removed. A lip of photoresist above the 
surface of the silicon-carbon material remained as a result of planarization. The 
wafer with the filled grooves was coated with about 15 microns of silicon-carbon 
material by PECVD, as described heretofore. Holes were drilled through the cap at 
20 two ends of the microchannel to expose the photoresist fill material. Photoresist was 
removed by sonicating the covered wafer in an acetone bath to produce the covered 
microchannel. 
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CLAIMS: 



A method of preparing a covered microchannel comprising the steps 



of: 



5 



a) coating a filler material onto a laminate which comprises a substrate 
having adhered thereto an etchable material having a groove, so that the filler 
material covers the etchable material and fills the groove; 



b) removing filler material from the etchable material but not from the 



groove; 



10 



c) coating the etchable material and the filler material remaining in the 
groove with an adhering, fonnable» capping material; and 



d) removing the filler from the groove. 



2. The method of Claim 1 wherein in step (a), the filler material is a 
photoactive material or a wax. 

3. The method of Claim 2 wherein the filler material is a photoactive 



4. The method of Claim 2 wherein in step (c), the adhering, formable, 
capping material is a resin; a metal capable of being laminated by electroplating* 
vapor deposition or sputtering; or an organosiiicone compound deposited onto the 
substrate by plasma-enhari(i:ed chemical vapor deposition. 



material is an epoxy resin, an acrylic resin, an unsaturated polyester resin, a 
polyurethane resin, a diglycoi dialkyi cariK>nate resin, a potyimide resin, a melamtne 
resin, a pherK>lic resin, a urea resin, or a benzocyclobutene resin. 

6. The method of Claim 4 wherein the adhering, formable. capping 
25 material is copper, silver, gold, nickel, chromium, tin, lead, zinc, aluminum, or 

titanium. 

7. The method of Claim 6 wherein the adhering, fonfnable. capping 
material is copper or aluminum. 



IS 



material. 



20 



The method of Claim 4 wherein the adhering, formable. capping 
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8. The method of Claim 4 wherein the adhering, formable, capping 
material comprises a silicon-carbon material of SiO, ^^^.^ ^o.yyo ^0.7^0 containing at 
least one of the following functional groups: 

-Si-O-Si-. -Si-CH,-. -Si-H, or -Si-OH. 

5 9. The method of Claim 1 wherein the laminate is prepared by the steps 

comprising: 

a) depositing a first metal layer onto the substrate; 

b) applying a first photoactive material to the surface of the first metal 

layer; 

10 c) patterning and developing the first photoactive material in such a 

manner that a portion of the first metal layer is covered by photoactive 
material and another portion of the first metal layer is not covered by 
photoactive material, wherein the portion of the first metal layer that is not 
covered by photoactive material forms a pattern for the groove; 

!5 d) removing the portion of the first metal layer that is not covered by 

the developed first photoactive material as a result of the patterning step; 

e) removing the remainder of the first photoactive material to leave a 
metal etch stop that fonfns a pattern for the groove; 

f) depositing a silicorvcarbon material on the substrate and over the 
20 metal etch stop; 

g) depositing a second metal layer onto the silicon-carbon material; 

h) applying a second photoactive material to the surface of the second 
metal layer; 

i) patterning and developing the photoactive material in such a manner 
25 that a portior^ of the second metal layer is covered by photoactive material 

and another portion of the second metal is not covered by photoactive 
material, wherein the portion of the second metal layer that is not covered by 
photoactive material superposes and parallels the metal etch stop; 

j) removing the portion of the second metal layer that is not covered by 
30 the second photoactive material as a result of the patterning step, so that a 

-10- 
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region of silicon-carbon material that parallels and superposes the metal etch 
stop is not covered by the second metal layer; 

k) removing the remaining portion of the second photoactive material; 

I) removing the silicon-carbon material that is not covered by the 
5 second metal layer down to the metal etch stop; and 

m) removing the remainder of the second metal and the metal etch 

stop. 

1 0. The method of Claim 1 wherein the laminate is prepared by the steps 
comprising: 

10 a) depositing over a substrate having adhered thereto a metal etch 

stop that forms a pattem for the groove, a fonnable, etchable material that 
covers the substrate and the metal etch stop: 

b) depositing a metal layer onto the formable. etchable material; 

c) applying a photoactive material to the surface of the metal layer; 

15 d) patterning and developing the photoactive material in such a 

manner that a portion of the metal layer is covered by photoactive material • 
and another portion of the metal layer is not covered by photoactive material, 
wherein the portion of the metal layer that is not covered by photoactive 
material superposes and parallels the metal etch stop; 

20 e) removing the portion of the metal layer that is not covered by 

photoactive material to expose a region of uncovered, etchable material that 
superposes and parallels the metal etch stop; 

f) removing the remaining portion of the photoactive material; 

g) removing the formable, etch£rt>le material that is not covered by the 
25 metal layer down to the etch stop; and 

h) removing the metal etch stop and the remaining portion of the metal 

layer. 

11. A method of preparing a covered microchannel comprising the steps 
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a) coating a filler material onto a substrate having a groove, wherein 
the filler materia! covers the substrate and fills the groove; 

b) removing the filler material from the substrate but not from the 
groove; 

5 c) coating the substrate and the filler with an adhering, formabie, 

capping material; and 

d) removing the filler material from the groove. 

12. A covered mtcrochannel comprising: a) a substrate; b) an etched 
material adhered to the substrate; and c) a silicon-carbon material adhered to the 

10 etched material in such a manner to form a covered mtcrochannel; wherein the 
sillcon-cartjon material comprises SiO, p., , C^j., p and Hpy^^, containing at least one of 
the following functional groups: 

-Si-O-Si-, -Si-CH,% -Si-H. or-Si-OH. 

1 3. The covered microchannei of Claim 1 2 wherein the etched material 

15 comprises a silicon-cartx)n material of SiO, „^ C^,.,^ and H^^^ containing at least one 
of the following functional groups: 

-ShO-Si-, -Si-CH,-, -Si-H, or -Si-OH. 

14. A covered microchannei comprising: a) an etched substrate; b) a 
silicon-carbon material adhered to the etched substrate in such a manner to form a 

20 covered microchannei: the sllicon-cari^on material comprising SiO, „^ Cp,.,^ and H^^^^, 
containing at least one of the following functional groups: 

-Si-aSi-, -Si-CH,-, -Si-H. or -Si-OH. 

1 5. The covered microchannei of Claim 1 4 wherein the etched substrate is 
a silicon wafer. 

25 1 6. A method of preparing a covered microchannei comprising the steps 

of: 
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a) depositing over a substrate having adhered thereto a metal etch 
stop that forms a pattern for the groove, a formable, etchable material that 
covers the substrate and the metal etch stop; 

b) depositing a first metal layer onto the formable» etchable material; 

5 c) applying a photoactive material to the surface of the first metal 

layer; 

d) patterning and developing the photoactive material in such a 
manner that a portion of the first metal layer is covered by photoactive 
material and another portion of the first metal layer is not covered by 

10 photoactive material, wherein the portion of the first metal layer that is not 

covered by photoactive material superposes and parallels the metal etch stop; 

e) removing the exposed first metal layer to expose a region of 
uncovered, formable, etchable material that superposes and parallels the 
metal etch stop; 

15 0 removing the remaining portion of the photoactive material; 

g) removing the formable, etchable material that is not covered by the 
metal layer down to the etch stop to fonm a groove in the etchable material; 

h) electroplating a second metal layer onto the metal etch stop to fill 
the groove; 

20 i) removing the first metal layer without substantially depleting the 

second metal from the filled groove; 

j) coating the substrate and the second metal with an adhering, 
formable, capping material; and 

k) rerTK)ving the second metal from the groove. 
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AMENDED CLAIMS 

[received by the International Bureau on 18 June 1997 (18.06.97); 
original claim 1 amended; remaining claims unchanged (1 page)] 

1 . A method of preparing a covered microchannel comprising the steps of: 

a) coating a filler material onto a laminate which comprises a substrate 
having adhered thereto an etchable material having a groove, so that the filler 

5 material covers the etchable material and fills the groove; 

b) removing filler material from the etchable material but not from the 
groove; 

c) coating the etchable material and the filler material remaining in the 
groove with an adhering, formable, capping material to form a capped 

10 laminate; 

d) exposing the filler material that remains in the groove at both ends 
of the groove; and 

e) removing the filler from the groove with a solvent for the filler, so 
that the capping material and the etchable material form the covered 

15 microchannel. 

2. The method of Claim 1 wherein in step (a), the filler material is a 
photoactive material or a wax. 

3. The method of Claim 2 wherein the filler material is a photoactive 
material. 

20 4. The method of Claim 2 wherein in step (c), the adhering, formable. 

capping material is a resin; a metal capable of being laminated by electroplating, 
vapor deposition or sputtering; or an organosilicone compound deposited onto the 
substrate by plasma*enhanced chemical vapor deposition. 

5. The method of Claim 4 wherein the adhering, formable, capping 
25 material is an epoxy resin, an acrylic resin, an unsaturated polyester resin, a 

polyurethane resin, a diglycol dialkyl carisonate resin, a polytmide resin, a melamine 
resin, a phenolic resin, a urea resin, or a benzocydobutene resin. 

6. The method of Claim 4 wherein the adhering* fonnabie, capping 
material is copper, silver, gold, nickel, chromium, tin, lead, zinc, aluminum, or 

30 titanium. 

7. The method of Claim 6 wherein the adhering, formable. capping 
material is copper or aluminum. 
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